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LASER CLEANING OF BACKSIDE OF 
WAFER FOR PHOTOLITHOGRAPHIC 

PROCESSING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This US. non-provisional patent application claims prior 
ity under 35 U.S.C. § 119 of Korean Patent Application No. 
2005-128017 ?led on Dec. 22, 2005, the entire contents of 
Which are hereby incorporated by reference. 

BACKGROUND 

The embodiments described herein relate to technology for 
manufacturing semiconductor devices. In particular, the 
embodiments relate to an apparatus and method for manufac 
turing semiconductor devices, capable of removing defocus 
ing effects in photolithography processes. 

In fabricating semiconductor devices, a design rule may be 
reduced by utilizing conditions having increasingly precise 
control for the photolithography processes involved. 
An illumination operation, e.g., an exposure operation to 

transcribe a speci?c pattern onto a Wafer through a reticle, is 
regarded as an important step of the photolithography pro 
cess. There have been many studies of photoresist ?lms and 
developments of optics and light sources for illumination of 
the photolithography process. HoWever, as the semiconduc 
tor manufacturing process becomes more demanding With a 
reduced design rule, one needs to improve peripheral tech 
niques as Well as the exposure processing technique itself. 
One of the peripheral techniques is to regulate roughness 

on the backside of a Wafer. The roughness on the Wafer 
backside usually causes defocusing effects at speci?c 
regions, generating process defects. The roughness on the 
Wafer backside is mostly caused by absorption of particles. 
Namely, the roughness on the Wafer backside is considered to 
be generated from deposition or absorption of particles, 
Which have been caused by prior processing steps such as 
deposition or etching. 

Conventionally, a Wet cleaning operation is carried out to 
lessen such defocusing effects. But the Wet cleaning is prin 
cipally operative to remove particles or pollutants from the 
front side of the Wafer. Recently, single Wafer processing 
equipment is Widely used for ?exibility corresponding to 
processing variations and for prevention of particle transcrip 
tion to the front side of the Wafer. Even if the Wet cleaning 
operation is conducted, polluting particles Would not be com 
pletely removed because of the folloWing consideration: Dur 
ing a standby time from the cleaning step to the photolithog 
raphy step, these particle pollutants can ?oW into the 
photolithography equipment, resulting in an accumulation of 
pollution. These particles can contaminate a Wafer chuck 
among the photolithography equipment, causing chuck fail 
ures and defocusing effects. This obviously harms the photo 
lithography process, degrading productivity and yields. 

SUMMARY 

Accordingly, embodiments are directed to solve the afore 
mentioned problems in the conventional arts. These embodi 
ments provide an apparatus and method for manufacturing 
semiconductor devices, capable of preventing defocusing 
effects in a photolithography process. 

In an embodiment, an apparatus is comprised of a cleaning 
module installed at an illumination module, for removing 
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2 
particles from a Wafer backside, by Which the Wafer backside 
is treated in a dry etching mode before an exposure step by the 
illumination module. 
An embodiment includes an apparatus for manufacturing 

semiconductor devices, comprising an illumination module 
con?gured to conduct an optical illumination process of pho 
tolithography for the front side of a Wafer, and a cleaning 
module con?gured to conduct a cleaning process on the back 
side of the Wafer. 

In this embodiment, the cleaning module is a dry cleaning 
module. The dry cleaning module cleans the backside of the 
Wafer by means of a shock Wave. 

In this embodiment, the dry cleaning module comprises a 
Wafer holding section con?gured to hold the Wafer, and a laser 
irradiation section con?gured to irradiate laser on the back 
side of the Wafer held by the Wafer holder. 

In this embodiment, the Wafer holder includes: a Wafer 
chuck con?gured to horizontally chuck the Wafer in contact 
With the backside of the Wafer; and a Wafer holder con?gured 
to horizontally hold the Wafer Without contacting With the 
front side of the Wafer, separating the Wafer from the Wafer 
chuck and disclosing the backside of the Wafer. 

In this embodiment, the Wafer holder comprises a ?rst 
member horizontally extending With confronting the front 
side of the Wafer; and pluralities of second members extend 
ing doWnWard from ends of the ?rst member and contacting 
With edges of the backside of the Wafer. At least one of the 
second members is con?gured to be movable in a predeter 
mined interval from the end of the ?rst member. 

In this embodiment, the laser irradiation section com 
prises: a laser source generating laser to be irradiated on the 
backside of the Wafer; a mirror altering a path of the laser 
emitted from the laser source; and a lens focusing the laser on 
a speci?c point in the backside of the Wafer. 

In this embodiment, the Wafer holding section comprises a 
Wafer holder con?gured to hold the Wafer, the Wafer holder 
being horizontally movable to alter a focusing position of 
laser, Which is to be irradiated on the backside of the Wafer, 
into a ?rst direction. 

In this embodiment, the laser irradiation section comprises 
a mirror con?gured to alter a path of the laser, the mirror being 
controllable to alter the focusing position of laser, Which is to 
be irradiated on the backside of the Wafer, into a second 
direction orthogonal to the ?rst direction. 

In another embodiment of the present invention, an appa 
ratus for manufacturing semiconductor devices comprises: a 
storage unit loading Wafers; a laser cleaning unit disclosing 
the backside of a Wafer supplied from the storage unit and dry 
cleaning the backside of the Wafer by irradiating laser on the 
backside of the Wafer; an illumination unit conducting an 
exposure process to the front side of the Wafer that has been 
treated in a dry cleaning operation by the laser cleaning unit; 
and a transportation unit carrying the Wafer among the storage 
unit, the laser cleaning unit, and the illumination unit. 

In this embodiment, the apparatus further comprises a 
buffer unit temporarily storing the Wafer. 

In this embodiment, the laser cleaning unit includes: a 
Wafer holding section con?gured to hold the Wafer and to 
move a focusing position of the laser along a ?rst axis direc 
tion; and a laser irradiation section con?gured to irradiate the 
laser on the backside of the Wafer and to move the focusing 
position of the laser along a second axis direction orthogonal 
to the ?rst axis direction. 

In this embodiment, the laser irradiation section com 
prises: a laser source emitting the laser; at least tWo mirrors 
moving the focusing position of the laser along the ?rst axis 
direction so as to alter a path of the laser emitted from the laser 
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source; and a lens focusing the laser, Which has passed 
through said tWo mirrors, on a speci?c position of the back 
side of the Wafer. 

In this embodiment, the Wafer holding section comprises: a 
Wafer chuck operable in ascending and descending With hori 
Zontally chucking the Wafer in contact to the backside of the 
Wafer; and a Wafer holder horizontally movable to make the 
focusing position of the laser move along the ?rst axis direc 
tion, horizontally holding the Wafer Without contacting to the 
front side of the Wafer, separating the Wafer from the Wafer 
chuck, and disclosing the backside of the Wafer. 

In this embodiment, the Wafer holder comprises pluralities 
of point contact members con?gured to contact With edges of 
the backside of the Wafer. At least one of the point contact 
members is a mobile point contact member. The mobile point 
contact member moves toWard the center of the Wafer by a 
predetermined interval When the Wafer holder grips the 
holder. 

Another aspect of the present invention is a method for 
manufacturing semiconductor devices, Which has a photoli 
thography process. The method is comprised of: providing a 
Wafer as a target for the photolithography process; cleaning 
the backside of the Wafer by laser in a dry mode; and con 
ducting the photolithography process to the front side of the 
Wafer. 

In this embodiment, conducting the photolithography pro 
cess to the front side of the Wafer is carried out after cleaning 
the backside of the Wafer by laser in the dry mode. 

In this embodiment, the photolithography process com 
prises an exposure operation to irradiate and focus light on the 
front side of the Wafer. 

According to the present invention, before carrying out an 
optical illumination process such as the exposure operation to 
the Wafer, the dry cleaning operation is conducted on the 
Wafer backside by means of laser. Thereby, particles can be 
removed from the Wafer backside, being free from defocusing 
effects Which Would be caused by Wafer chucking failures 
therein. 
A further understanding of the nature and advantages of 

these embodiments herein may be realiZed by reference to the 
remaining portions of the speci?cation and the attached draW 
1ngs. 

BRIEF DESCRIPTION OF THE FIGURES 

The accompanying ?gures are included to provide a further 
understanding of the embodiments, and are incorporated in 
and constitute a part of this speci?cation. The draWings illus 
trate exemplary embodiments and, together With the descrip 
tion, serve to explain principles of the present invention. In 
the ?gures: 

FIG. 1 is a diagram illustrating an apparatus for manufac 
turing semiconductor devices, according to an embodiment; 

FIG. 2 is a cross-sectional diagram illustrating a cleaning 
module of the apparatus for manufacturing the semiconduc 
tor devices, according to an embodiment; 

FIGS. 3A through 3C are cross-sectional diagrams illus 
trating processing steps in the cleaning module of the appa 
ratus for manufacturing the semiconductor devices, accord 
ing to an embodiment; and 

FIG. 4 is a How chart shoWing a method for manufacturing 
the semiconductor devices, according to an embodiment. 

DETAILED DESCRIPTION 

Preferred embodiments Will be described beloW in more 
detail With reference to the accompanying draWings. The 
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4 
present invention may, hoWever, be embodied in different 
forms and should not be constructed as limited to the embodi 
ments set forth herein. Rather, these embodiments are pro 
vided so that this disclosure Will be thorough and complete, 
and Will fully convey the scope of the present invention to 
those skilled in the art. In the ?gures, the dimensions of layers 
and regions are exaggerated for clarity of illustration. Like 
reference numerals refer to like elements throughout. 

FIG. 1 is a diagram illustrating an apparatus for manufac 
turing semiconductor devices, according to an embodiment. 

Referring to FIG. 1, a semiconductor manufacturing appa 
ratus is comprised of an illumination module 140, e.g., an 
exposure device, to transcribe a speci?c pattern onto a Wafer. 
The illumination module may include a light source, a step 
per, or a scanner, and is able to carry out an exposure opera 
tion, Which is arguably the most important step of the photo 
lithography process. The illumination module 140 is supplied 
With a Wafer W, Which is a process target for the photolithog 
raphy, from front-opening uni?ed pods (FOUPs) 111, 112, 
and 113. 

The semiconductor manufacturing apparatus may also be 
comprised of a cleaning module 120 to remove particles from 
the backside of the Wafer W. The semiconductor manufactur 
ing apparatus may be further comprised of buffers 130 and 
150 to store Wafers. The buffer 130 may be doWnstream of the 
cleaning module 120. The buffer 150 may be doWnstream of 
the illumination module 140. Transportation of the Wafers 
among the FOUPs 111~113, the cleaning module 120, the 
illumination module 140, and the buffers 130 and 150 may be 
carried out by a plurality of Wafer conveying robots 161~164. 
As an example, the robot 161 transports Wafers from the 
FOUPs 111~113 to the cleaning module 120 and from the 
buffer 150 to the FOUPs 111~113. The robot 162 transports 
Wafers from the cleaning module 120 to the buffer 130. The 
robot 163 transports Wafers from the buffer 130 to the illumi 
nation module 140. The robot 164 transports Wafers from the 
illumination module 140 to the buffer 150. Some of these 
processes are indicated in FIG. 1. 

In this embodiment, the Wafer backside means a face of the 
Wafer, i.e., one of its tWo sides, Which is the opposite side to 
the front side on Which a speci?c pattern is engraved by means 
of the exposure process. The front side of the Wafer is 
engraved With a speci?c circuit pattern or formed With a ?lm. 
MeanWhile, the backside of the Wafer, as mentioned earlier, 
may have particles deposited or absorbed in its surface, these 
particles being generated from processing steps of depositing 
or etching. Such particles that are present on the Wafer back 
side may cause an unstable chuck condition With the Wafer 
during the exposure operation in the illumination module 
140, resulting in defocusing effects on the front side of the 
Wafer. 

Therefore, in need of improving a condition of roughness 
on the Wafer backside, the semiconductor manufacturing 
apparatus according to embodiments is operable to include 
the cleaning module 120 for removing particles from the 
Wafer backside before transporting the Wafer into the illumi 
nation module 140 for the exposure operation. The cleaning 
module 120 preferably utiliZes a dry cleaning mode by means 
of a laser. This dry cleaning mode is advantageous over a Wet 
cleaning mode that needs an additional device for Wastes after 
cleaning or to complete drying-up. 

FIG. 2 is a cross-sectional diagram illustrating the cleaning 
module 120 of the apparatus for manufacturing the semicon 
ductor devices, according to an embodiment. 

Referring to FIG. 2, the cleaning module 120 of this 
embodiment is comprised of a Wafer holding section 12011 for 
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holding the Wafer W, and a laser irradiation section 12019 for 
irradiating a laser toWard the backside Wb of the Wafer W. 

The Wafer holding section 12011 includes a Wafer chuck 121 
providing a place on Which the Wafer W is settled, and a Wafer 
holder 123 for holding the Wafer W. The Wafer chuck 121 is an 
implement for settling (i.e., chucking) the Wafer W thereon, in 
Which the front side Wf of the Wafer W faces upWard While the 
backside Wb confronts the top face 12111 of the chuck 121. 
For example, chucking the Wafer W may be achieved by 
electrostatic force. The Wafer chuck may be designed to be 
movable up and doWn. The Wafer holder 123 holds the Wafer 
W, being operable to move up and down. In operation, the 
Wafer W may be lifted from the Wafer chuck 121, While being 
held by the Wafer holder 123, When the Wafer holder 123 
ascends, When the Wafer chuck 121 descends, or When the 
Wafer holder 123 ascends While the Wafer chuck 121 
descends. 

Because there may be a speci?c pattern on the front side Wf 
of the Wafer W, the Wafer holder 123 preferably grasps the 
Wafer at the edge of the backside Wb, not directly With the 
front side Wf. For example, to assure a safe Wafer-holding 
condition, the Wafer holder 123 may hold the Wafer at three or 
more points near the edge of the backside Wb, at 1200 inter 
vals. The Wafer holder 123 preferably holds the Wafer W so 
that contact area betWeen the Wafer holder 123 and the back 
side Wb of the Wafer W is minimiZed. This offers safe Wafer 
holding conditions that avoid damaging any patterns on the 
front side Wf of the Wafer W. This also minimiZes pollution on 
the backside Wb caused by contact. 

The Wafer holder 123 may comprise a member 12311 
extending horizontally, and horseshoe- shaped members 1231) 
and 1230 that extend from both ends of the horizontal member 
12311. The horseshoe-shaped members 1231) and 1230 may 
hold the edge of the backside Wb. While the embodiment of 
FIG. 2 shoWs tWo horseshoe-shaped members 1231) and 1230 
extending from both ends of the horiZontal member 12311, the 
number of the horseshoe-shaped members is variable, such as 
the three, as aforementioned. At least one of the horseshoe 
shaped members 1231) and 1230 may be designed to be mov 
able from the horiZontal member 12311 in a predetermined 
interval to be extendable and contractible along the horiZontal 
direction. 

Hereinafter, for the present embodiment, ‘opening’ refers 
to a motion of the horseshoe-shaped members 1231) and 1230 
opening outWard, While ‘closing’ refers to a motion of closing 
inWard. 

If the Wafer W is settled on the chuck 121, the Wafer W 
comes near the Wafer holder 123 When the chuck 121 ascends 
or the Wafer holder 123 descends. In this condition, the horse 
shoe-shaped member 1230 repositions inWard toWard the 
center of the Wafer W to hold the Wafer W. Horseshoe-shaped 
members 1231) also contributes to holding, as shoWn in FIG. 
2. In this Way, the mobile horseshoe-shaped member 1230 
avoids damaging the Wafer W by excessive stress While the 
Wafer W is being held, rather than a conventional ?xed type 
horseshoe-shaped member. 

The laser irradiation section 1201) applies laser beam 
toWard the backside Wb of the Wafer W that is gripped parallel 
to the Wafer holder 123 . As shoWn in the embodiment of FIG. 
2, the laser irradiation section 1201) may include a laser source 
125 to generate the laser beam, mirrors 127 and 128 to alter 
the laser beam’s path, and a lens 129 to focus the laser beam 
onto a speci?c region of the Wafer W. 

The laser source 125 may be a Nd:YAG laser With a Wave 
length of 1.06 pm, Which is a kind of solid-state laser capable 
of oscillating in continuous or pulsed modes. The mirrors 127 
and 128 alter the path of the laser beam to irradiate a speci?c 
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6 
region of the backside Wb. The laser beam generated from the 
laser source 125 is guided toWard the backside Wb of the 
Wafer W that is gripped by the Wafer holder 123 and focused 
on the speci?c region of the backside Wb by the lens 129. 

Preferably, in this embodiment, one or all of the mirrors 
127 and 128 are variable in angle, so that the position of the 
focus of the laser beam is conveniently adjusted along an X 
direction onto the backside Wb. And the Wafer holder 123 is 
preferably movable along front and rear directions Y corre 
sponding to the laser irradiation points adjusted by the mir 
rors 127 and 128 in the X direction. Thus, this adjustment 
capability alloWs laser irradiation to cover the entire backside 
Wb. X andY directions are indicated in FIG. 2. 

FIGS. 3A through 3C illustrate processing steps of the 
Wafer-holding and cleaning operations in the cleaning mod 
ule 120 of the semiconductor manufacturing apparatus, 
according to the present embodiment. 

First, referring to FIG. 3A, the Wafer W is horiZontally 
chucked so that the front side Wf faces upWard While the 
backside Wb abuts the Wafer chuck 121. The Wafer holder 123 
includes a horseshoe-shaped member 1230 that may open to 
prepare for holding the Wafer W. At this time, the Wafer W is 
conditioned before the exposure step by the illumination 
module 140. 

Then, referring to FIG. 3B, When the Wafer W is settled on 
the Wafer chuck 121, the Wafer W moves toWards the Wafer 
holder 123. The approach of the Wafer W can be accom 
plished by elevating the Wafer chuck 121 or loWering the 
Wafer holder 123, as mentioned above. When the Wafer W 
approaches the Wafer holder 123 and locates betWeen the 
horseshoe-shaped members 1231) and 1230, closing the 
horseshoe-shaped member 1230 alloWs the Wafer holder 123 
to grip the Wafer W. 

Next, referring to FIG. 3C, if the Wafer W is gripped by the 
Wafer holder 123, the Wafer chuck 121 may descend to 
entirely expose the backside Wb of the Wafer W. Then the 
laser irradiation section 1201) may apply the laser beam to the 
Wafer W to remove particles from the backside Wb in a dry 
cleaning mode. 
Removing particles from the backside Wb by means of the 

dry cleaning mode With the laser beam is carried out in the 
folloWing mechanism. Returning to the embodiment of FIG. 
2, the laser beam emitted from the laser source 125 is focused 
on a speci?c position on the backside Wb after passing 
through the lens 129. When the intensity of the laser beam 
rises above a critical point, gas adjacent to the focused region 
is ioniZed. This causes the gas to expand in density, generating 
a shock Wave. Transitional energy by such a shock Wave is 
transmitted to particles, so that the particles are detached from 
the backside Wb by a rolling effect. 
As illustrated in FIG. 3B, after completing the cleaning 

operation for the backside Wb, the Wafer chuck 121 ascends 
to a position for chucking the Wafer W that is being gripped by 
the Wafer holder 123. 
As indicated in FIG. 3A, When the Wafer chuck 121 

ascends to the position necessary for settling the Wafer W on 
the Wafer chuck 121, the opening horseshoe-shaped member 
1230 releases the Wafer W from the holding state. The Wafer 
W released from the holding state is laid on the Wafer chuck 
121, Which then descends With the Wafer W. AfterWards, the 
Wafer W may be transported from the cleaning module 120 
into the illumination module 140 and then put into the expo 
sure step. 

FIG. 4 is a How chart shoWing an embodiment of a method 
for manufacturing the semiconductor devices. The folloWing 
description With FIG. 4 Will proceed in conjunction With FIG. 
1. 
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First, the Wafers W are put into the semiconductor manu 
facturing apparatus according to this embodiment. The semi 
conductor manufacturing apparatus of this embodiment is a 
kind of photolithography equipment that includes the illumi 
nation module 120, such as a scanner or a stepper. The Wafers 
W put into the semiconductor manufacturing apparatus may 
be stacked in the FOUPs 111~113 While Waiting their turn to 
be processed. Any number of FOUPs may be included in the 
semiconductor manufacturing apparatus, instead of being 
limited to the FOUPs 111~113 illustrated in this embodiment. 

The Wafers W stacked in one of the FOUPs, e.g., 111 may 
?rst be put into the cleaning module 120 before being loaded 
into the illumination module 140 (S200). In the embodiment 
of FIG. 1, the solid arroWs indicate ?oWs of transporting the 
Wafers W. The transportation of the Wafers W may be carried 
out by the robots 161~164. 

With the Wafer W conveyed into the cleaning module 120, 
the backside Wb may be Washed by the dry cleaning mode of 
the laser beam, as described above. After cleaning the back 
side Wb, the Wafer W may be removed from the cleaning 
module 120. The Wafer W may then be transported into the 
buffer 130 by the robot 162 for Waiting (S300). 

The Wafer W conveyed into the buffer 130 may then be 
transported into the illumination module 140 by the robot 163 
(S400). As mentioned above, the illumination module 140 is 
a kind of photolithography equipment that includes optics, 
such as a scanner or stepper. Since the WaferW placed into the 
illumination module 140 has been cleaned on the backside 
Wb by the cleaning module 120 in the previous step, there is 
no unstable chucking condition due to particles deposited or 
absorbed on the backside Wb. Thus defocusing effects may be 
eliminated. The Wafer W passing through the exposure pro 
cess in the illumination module 140 may be transported into 
the buffer 150 by the robot 140 (S500). In a continuous 
fashion, the Wafers W temporarily stored in the buffer 150 
may be placed into the FOUP 113 by the robot 161 and then 
stacked (S600). 
As described above, according to the embodiments, before 

conducting the optical illumination process such as the expo 
sure operation to the Wafer, the dry cleaning operation may be 
carried out on the backside of the Wafer by means of a laser 
beam. Then particles may be removed from the backside of 
the Wafer. This alloWs the Wafer to be free from any defocus 
ing effects due to unstable chucking conditions of the Wafer. 
Thus, the reliability of photolithography process may be 
improved, as Well as the productivity and yields of the semi 
conductor devices. 

The above-disclosed subject matter is to be considered 
illustrative, and not restrictive, and the appended claims are 
intended to cover all such modi?cations, enhancements, and 
other embodiments, Which fall Within the true spirit and scope 
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of the present invention. Thus, to the maximum extent 
alloWed by laW, the scope of the present invention is to be 
determined by the broadest permissible interpretation of the 
folloWing claims and their equivalents, and shall not be 
restricted or limited by the foregoing detailed description. 
What is claimed is: 
1. An apparatus for manufacturing semiconductor devices, 

comprising: 
a dry cleaning module con?gured to conduct a cleaning 

process on a backside of a Wafer, resulting in a cleaned 
Wafer, the dry cleaning module including: 
a laser irradiation section con?gured to irradiate a laser 
beam onto the backside of the Wafer, and 

a Wafer holder con?gured to hold the Wafer in contact 
With edges of the backside of the Wafer so as to expose 
the backside of the Wafer to the laser beam but Without 
contact With a front side of the Wafer; and 

a Wafer chuck con?gured to chuck the backside of the 
Wafer, to deliver the Wafer to the Wafer holder, and to 
receive the cleaned Wafer from the Wafer holder; and 

an illumination module con?gured to conduct an optical 
illumination process of photolithography on the front 
side of the cleaned Wafer, 

Wherein the Wafer holder has a horiZontally extending ?rst 
member that extends along the front side of the Wafer, 
above the front side of the Wafer, and has a plurality of 
second members that extend doWnWard from ends of the 
?rst member, past sides of the Wafer, and that contact the 
edges of the backside of the Wafer. 

2. The apparatus as set forth in claim 1, Wherein the laser 
irradiation section is con?gured to clean the backside of the 
Wafer by means of a shock Wave. 

3. The apparatus as set forth in claim 1, Wherein at least one 
of the plurality of second members is moveable in a prede 
termined interval from one of the ends of the ?rst member. 

4. The apparatus as set forth in claim 1, Wherein the laser 
irradiation section comprises: 

a laser source adapted to emit the laser beam in a path; 
a mirror interposed Within the path of the laser beam and 

adapted to alter the path of the laser beam emitted from 
the laser source; and 

a lens adapted to focus the laser beam onto a speci?c point 
on the backside of the Wafer. 

5. The apparatus as set forth in claim 1, Wherein the Wafer 
holder is horizontally movable in a ?rst direction to alter a 
focusing position of the laser beam, 

Wherein the laser irradiation section comprises a mirror 
that is controllable to alter the focusing position of the 
laser beam in a second direction orthogonal to the ?rst 
direction. 
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